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ABSTRACT 

The effect  of  i n c r e a s i n g  t h e  free s p a c e  above t h e  cha rge  on t h e  composi t ion and 
y i e l d s  of t h e  v o l a t i l e  p r o d u c t s  from t h e  c a r b o n i z a t i o n  of P i t t sbu rgh-bed  c o a l  and one 
i n d u s t r i a l l y  used b l end  from t h e  eastern United S t a t e s  and one from wes te rn  United 
S t a t e s  was i n v e s t i g a t e d  wi th  t h e  BM-AGA c a r b o n i z a t i o n  appa ra tus .  

I n c r e a s i n g  t h e  f r e e  s p a c e  above t h e  cha rge  from 1 i n c h  t o  3 i n c h e s ,  t o  6 i n c h e s  
and t o  9 inches  r e s u l t e d  i n  lower tar y i e l d s  and i n c r e a s e d , g a s  and l i g h t  o i l  y i e l d s .  
Anthracene and naphthalene y i e l d s  w e r e  i n c r e a s e d ,  q u i n o l i n e  and benzene i n s o l u b l e  
f r a c t i o n s  of bo th  t h e  tar  and p i t c h  i n c r e a s e d  c o n s i d e r a b l y  with i n c r e a s e d  € ree  space ,  
a l though  t h e  carbon c o n t e n t  of t h e  tars and p i t c h e s  i n c r e a s e d  o n l y  s l i g h t l y .  

Inc reased  c rack ing ,  a r e s u l t  of t h e  i n c r e a s e  i n  free s p a c e ,  caused  a dec rease  i n  
t h e  y i e l d s  of t a r  a c i d s ,  t a r  bases, n e u t r a l  o i l s ,  o l e f i n s ,  a r o m a t i c s ,  and p a r a f f i n s  
and naphthenes.  Gas composi t ion was r e l a t i v e l y  c o n s t a n t ;  hydropen and methane tended 
t o  i n c r e a s e  and e thane  dec rease .  

R e s u l t s  of t h e  i n v e s t i g a t i o n  are b e i n g  used t o  d e s i g n  a u n i t  t o  upgrade t h e  vola- 
t i l e  p r o d u c t s  of c a r b o n i z a t i o n  by c r a c k i n g  t h e  h o t  p r o d u c t s  as t h e y  l e a v e  t h e  carbon- 
i z a t i o n  chamber. 

INTRODUCTION 

The Bureau of  Mines, i n  c o o p e r a t i o n  w i t h  t h e  American Gas A s s o c i a t i o n ,  j o i n t l y  
developed a p i l o t - s c a l e  c a r b o n i z a t i o n  test a p p a r a t u s  (BM-AGA) t o  de te rmine  t h e  car- 
b o n i z a t i o n  c h a r a c t e r i s t i c s  of c o a l s  and t o  e v a l u a t e  t h e  byproduct  y i e l d s  (2). 

Although t h e  BM-AGA tes t  a p p a r a t u s  is used p r i m a r i l y  t o  de te rmine  t h e  cok ing  
c h a r a c t e r i s t i c s  of coals f o r  m e t a l l u r g i c a l  u s e ,  t h e  o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  
was t o  de te rmine  t h e  effect  of c rack ing  on t h e  q u a l i t y  o f  c a r b o n i z a t i o n  p roduc t s  by 
va ry ing  t h e  free space  above t h e  coal charge when t h e  t empera tu re  is k e p t  constant. 

Carbon iza t ion  y i e l d s  are i n f l u e n c e d  by  t h e  r ank  of coal ca rbon ized ,  whereas 
t h e i r  composi t ion is p r i m a r i l y  a f u n c t i o n  of t h e  t e m p e r a t u r e  and c o n t a c t  t i m e  of  t h e  
evolved vapor s  wi th  t h e  h e a t e d  s u r f a c e s  w i t h i n  t h e  r e t o r t  or ovens. 
of vapor s  proceeds i n  t w o  steps: Primary decomposi t ion o f  gaseous vapor s  as they  a r e  
evo lved  f r o m  t h e  p l a s t i c  l a y e r  a t  moderate t e m p e r a t u r e s  and t h e n  p a s s  th rough  t h e  
h o t  coke s u r f a c e s ,  and secondary decomposi t ion as t h e  vapor s  p a s s  th rough  t h e  f r e e  
space  above t h e  coal cha rge  w i t h  less c o n t a c t  s u r f a c e .  P o r t e r  (2) i n  a s t u d y  of  c o a l  
c a r b o n i z i n g  equipment has  found t h a t  t h e  v a r i a n c e  of c o n t a c t  t i m e  of t h e  g a s e s  and 
vapor s  p a s s i n g  th rough  t h e  hea ted  s p a c e s  i n  approved i n d u s t r i a l  ovens may be 100 per-  
c e n t  or mom. 

Decomposition 

’ EXPERIMENTAL PROCEDURES 

Procedum and a p p a r a t u s  for BM-AGA c a r b o n i z a t i o n  t es t s  have been d e s c r i b e d  i n  
d e t a i l  i n  a p r e v i o u s  p u b l i c a t i o n  (5). 
c y l i n d r i c a l  steel re tor t ,  e l e c t r i c a l l y  c o n t r o l l e d  r e s i s t a n c e - t y p e  f u r n a c e ,  p roduc t  

B a s i c a l l y ,  t h e  a p p a r a t u s  c o n s i s t s  o f  a 
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r ecove ry  t r a i n ,  p a s  s c r u b b e r s ,  me te r s ,  and sampler.  
o u t  t h i s  i n v e s t i g a t i o n  is  26 i n c h e s  h i r h  and 1 8  i n c h e s  i n  d iameter .  The r e s u l t s  from 
p r e v i o u s  c a r b o n i z a t i o n  t e s t s ,  u s i n e  s t a n d a r d  retorts and 900°C c a r b o n i z a t i o n  tempera- 
t u r e s  have been c o r r e l a t e d  w i t h  i n d u s t r i a l  (1) and e x p e r i m e n t a l  oven ( 6 ,  8) da ta .  
c o a l  cha rges  were a d j u s t e d  i n  h e i g h t  so as t o  l e a v e  1-, 3-, 6-, and 9-Tnches of  free 
s p a c e  above t h e  c o a l  charpe.  
r e s u l t s  r e p o r t e d  are ave rages  of two de te rmina t ions .  

The s t a n d a r d  r e t o r t  used throup;h- 

The 

D u p l i c a t e  c a r b o n i z a t i o n  tests were nade a t  900°C and t h e  

A s i n g l e  c o a l  (1166)  and t w o  commercial c o a l  b l e n d s  (1161 and 1167A) w e r e  used i n  
t h i s  i n v e s t i e a t i o n .  
would b e  comparable t o  t h a t  cha rged  a t  t h e  coke p l a n t .  Coals f o r  tests 1166 and 1167A 
were r e c e i v e d  s e p a r a t e l y  i n  lump form and were c rushed  i n  t h e  hammer-mill and blended, 

Coal 1161  was ca rbon ized  as r e c e i v e d  so t h a t  t h e  s i z e  c o n s i s t  

In computing y i e l d s  from BM-AGA c a r b o n i z a t i o n  tests, t h e  q u a n t i t a t i v e  y i e l d s  are 
based on U. S. g a l l o n s  (231 c u b i c  i n c h e s )  and s h o r t  t o n s  (2,000 pounds). Coke y i e l d s  
are r e p o r t e d  as d r y  coke, we iph t -pe rcen t  of  coal carbonized.  
g r a v i t y  (de t e rmined) ,  and gross h e a t i n g  v a l u e  of t h e  p a s  are r e p o r t e d  as  s t r i p p e d  of 
l i g h t  o i l  and s a t u r a t e d  w i t h  water vapor  a t  6OoF and under  a p r e s s u r e  e q u i v a l e n t  t o  
30 i n c h e s  of mercury. L i p h t  o i l  r e f e r s  t o  t h e  c rude  p roduc t  s t r i p p e d  from t h e  gas. 
Liquor  i n c l u d e s  t h e  f i x e d  ammonia and absorbed free ammonia. Ammonium s u l f a t e  is re- 
p o r t e d  i n  pounds p e r  t o n  of c o a l  and i n c l u d e s  t h e  t o t a l  f r e e  and f i x e d  ammonia. 
t a r  y i e l d ,  p r o p e r t i e s ,  and c o n s t i t u e n t s  are r e p o r t e d  on a d r y  b a s i s  and i n c l u d e s  on ly  
t h a t  l i g h t  o i l  which condenses  w i t h  t h e  t a r ,  and t h e  s p e c i f i c  g r a v i t y  of t h e  t a r  is  
r e p o r t e d  a t  15.SoC/15.S0C. 

The y i e l d ,  s p e c i f i c  

The 

The y i e l d s  of c a r b o n i z a t i o n  p r o d u c t s  are g iven  on t h e  as-carbonized b a s i s  ( t a b l e  
1). The l a t te r  b a s i s  is used t o  compare coals when t h e  moi s tu re  and a sh  c o n t e n t s  
d i f f e r  s i g n i f i c a n t l y .  Comparisons lose t h e i r  s i - i f i c a n c e  because a h igh  pe rcen tage  
of  a s h  or m o i s t u r e  makes t h e  y i e l d  o f  coke  o r  l i q u o r  a r t i f i c a l l v  h iph  and t h o s e  o f  
o t h e r  p r o d u c t s  co r re spond inp ly  l o w .  The c a l c u l a t i o n  of moisture-  and a s h - f r e e  b a s i s  
assumes t h a t  all ash remains i n  t h e  coke and t h a t  all mois tu re  i n  t h e  coal is recov- 
e r e d  as  l i q u o r .  

P r o p e r t i e s  of Tar 

The t a r  y i e l d s  are a f f e c t e d  by c o a l  r ank ,  t empera tu re  of c a r b o n i z a t i o n  and free 
space  above t h e  c o a l  charge.  
c a n t  c o n t r i b u t i n g  f a c t o r  i n  d e t e r m i n i n p  t a r  q u a l i t y .  
t h e  vapor s  t o  remain l o n g e r  a t  t h e  h i g h e r  t empera tu re  r e s u l t i n g  i n  c o n s i d e r a b l e  v a r i -  
a t i o n s  i n  t a r  q u a l i t y .  

The t empera tu re  o f  c a r b o n i z a t i o n  i s  t h e  most signifi- 
Inc reased  f r e e  s p a c e  pe rmi t s  

The effect  o f  f r e e  s p a c e  on t a r  q u a l i t y  is p r e s e n t e d  i n  table 2. Cracking of t a r  
due t o  i n c r e a s e d  f r e e  s p a c e  r e s u l t e d  i n  p r o q r e s s i v e  increases i n  its s p e c i f i c  p r a v i t y ,  
naph tha lene  y i e l d ,  an th racene  y i e l d ,  excep t  for t h e  9-inch free space  and a r educ t ion  
in  t a r  a c i d s ,  bases, and n e u t r a l  oils .  It is i n t e r e s t i n p  t o  n o t e  t h a t  u n l i k e  naphtha- 
l e n e ,  t h e  an th racene  y i e l d  was s l i g h t l y  less a t  t h e  9-inch f r e e  s p a c e  f o r  a l l  tests. 
There was n o  s i g n i f i c a n t  chanee i n  t h e  r e s i d u e  y i e l d .  

The chemica l  composi t ion of t a r s  and ? i t c h e s  i s  p r e s e n t e d  i n  t a b l e  3. A s  ex- 
pec ted ,  t h e  carbon c o n t e n t  i n c r e a s e d  and t h e  hydropen c o n t e n t  dec reased  wi th  propre$- 
s i v e  i n c r e a s e s  i n  t h e  free space.  

Q u i n o l i n e  (1) and benzene ( f r e e  ca rbon)  (5) i n s o l u b l e  v a l u e s  for t h e  t a r s  and 
p i t c h e s ,  as  w e l l  a s  t h e  s o f t e n i n p  p o i n t  of t h e  p i t c h e s  were determined. Tnese a r e  
c r i t i c a l  f a c t o r s  , commercially impor t an t  , i n  d e t e r r i n i n p  t h e  s u i t a t i l i t g  of coal t a r  
p i t c h e s  as e l e c t r o d e  b i n d e r s .  The t a r  v a l u e s  were determined on t h e  whole t a r  and 
t h e  p i t c h  v a l u e s  were de te rmined  on t h e  +35OoC f r a c t i o n  of t h e  t a r .  The cube - in -a i r  
method was used t o  de te rmine  t h e  s o f t e n i n p  p o i n t  of t h e  p i t c h e s .  
p r e s e n t e d  i n  table 4. 

The r e s u l t s  are 
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T a b l e  3. - E f f e c t  of f r e e  s p a c e  on t h e  c h e m i c a l  composi t ion  of t a r  and p i t c h  

Tar P i t c h  
Void s p a c e ,  i n c h e s  1 3 6 9 1 3 6 9 

Hydrogen.......... 5.7 5.2 5.0 4.7 4.8 4.4 4.3 3.9 
Carbon ............ 90.5 91.4 92.7 93.1 92.3 92.8 93.8 94.2 
Nitrogen.......... 1.1 1.2 1.1 1.0 1.4 1.3 1.2 1.0 
Oxyeen............ 2.2 1.7 0.7 0.7 1.1 1.1 0.3 0.4 
Sulfur.....,...... 0.4 0.4 .4 .4 0.3 0.3 . 3  . 3  
Ash............... .1 .1 .1 .1 .1 .1 .I .2 

Hydropen.......... 5.4 5.0 4.8 4.7 4.9 4.7 4.6 4.2 
Carbon ............ 89.7 90.4 90.8 91.1 90.5 91.0 91.9 92.1 
Nitrogen.......... 1.3 1.3 1.2 1.1 1.5 le4 1.3 1.3 
Oxygen............ 2.5 2.2 2.1 2.0 2.1 2.0 1.3 1.6 
Sulfur............ 1.0 1.0 1.0 1.0 0.8 0.7 0.7 0.7 
ASh....o.....eseo. 0.1 0.1 0.1 0.1 .2 .2  .2 .1 

Hydrogen.......... 5.8 5.4 5.1 5.0 4.9 4.7 4.6 4.4 
Carbon ............ 90.3 92.0 91.5 92.0 91.1 91.6 92.0 92.2 
Nitrogen.......... 1.3 1.3 1.3 1.3 1.5 1.4 1.1, 1.3 
Oxygen.......,.... 1.4 0.4 1.0 0.6 1.7 1.5 1.2 1.3 
Sulfur............ 1.0 .8  1.0 1.0 0.7 0.7 0.7 0.7 
ASh.............e. 0.2 .1 0.1 0.1 .1 .1 .1 .1 

Coal 1 1 6 1  

Coal 1166 

Coal 1167A 

Table 4. - Effect of free s p a c e  above  coal c h a r g e  on q u i n o l i n e  and  
benzene  i n s o l u b l e s  

Void TarL P i t c h L  Sof ten ine :  
Coal s p a c e ,  Q u i n o l i n e  Benzene Q u i n o l i n e  Benzene p o i n t ,  

number i n c h e s  i n s o l u b l e s  i n s o l u b l e s  i n s o l u b l e s  i n s o l u b l e s  O C  

1 1 6 1  1 1.70 6.61 3.85 25.95 119.0 
3 2,73 8.17 3.96 24.25 105.0 
6 4. 84 11.29 8.87 28.33 110.0 
9 11.07 17.42 22.03 32.55 138.0 

1166 1 2.26 8.64 2.82 22.55 96.8 
3 4.13 11.60 4.70 26.55 101.0 
6 7.29 14.26 9.14 28.33 94.0 
9 11.15 18.76 14. 34 30.87 85.8 

1167A 1 2.57 7.66 2.86 21.75 94.0 
3 3.07 10.34 4.73 23.70 94.3 
6 6.39 12.47 7.60 25.15 82.3 
9 9.50 ' 15.46 12.15 27.85 85.0 

'Weight-percent f o r  t a r  and p i t c h .  



The i n s o l u b i l i t y  v a l u e s  for a l l  tars and p i t c h e s  inc reased  wi th  i n c r e a s i n g  f r e e  
There were marked i n c r e a s e s  a t  t h e  9-inch f ree  space  f o r  a l l  tests,  i n d i c a t -  space.  

i n g  t h e  fo rma t ion  of i n s o l u b l e  high b o i l i n g  hydrocarbons.  
I 

P r o p e r t i e s  of Gas 

P r o p e r t i e s  of  byproduc t  BZS vary  wi th  ca rbon iz ing  c o n d i t i o n s  as w e l l  as with 
c o a l  c h a r a c t e r i s t i c s .  
by t h e  BH-AGA method a t  900OC showed t h a t  t h e  p h y s i c a l  and chemical  p r o p e r t i e s  of 
t h e  gas  depend on t h e  r ank  of coal. 

An i n v e s t i g a t i o n  (9) o f  t h e  g a s  y i e l d e d  by c o a l s  ca rbon ized  

The y i e l d  of c a r b o n i z a t i o n  gas  i n c r e a s e s  wi th  inc reased  c a r b o n i z a t i o n  tempera- 
t u r e ;  s i m i l a r l y ,  m a i n t a i n i n p  t h e  e f f l u e n t  vapors  a t  e l e v a t e d  t empera tu res  by in-  
c r e a s i n g  t h e  f r e e  space  above t h e  coal cha rge  exposes  t h e  vapor s  t o  h igh  t empera tu res  
f o r  a l o n e e r  t i m e  r e s u l t i n ?  i n  deg rada t ion  o f  t h e  v o l a t i l e  material wi th  a s t i l l  
g r e a t e r  i n c r e a s e  i n  t h e  gas  y i e l d .  Davis and Auvil  (3) have a t t r i b u t e d  t h i s  i n c r e a s e  
t o  g r e a t e r  c r a c k i n e  of  hydrocarbons i n  t h e  e n l a r g e d  f r e e  space.  
t h e s e  r e s u l t s ,  i n  t h a t  t h e  p a s  y i e l d  i n c r e a s e s  w i t h  i n c r e a s e d  f r e e  space.  

Tab le  1, confirms 

The chemical  and p h y s i c a l  p r o p e r t i e s  of t h e  pas  are p r e s e n t e d  i n  t a b l e  5. TWO 
impor t an t  p r o p e r t i e s  of gas  are i t s  h e a t i n g  v a l u e  and hydropen s u l f i d e  c o n t e n t ,  The 
h e a t i n g  v a l u e ,  g e n e r a l l y  cons ide red  t o  be  t h e  most important  p r o p e r t y  of byproduct 
g a s ,  is  p r e s e n t e d  on b o t h  t h e  c u b i c  foot and pound-of-coal b a s i s .  The g r e a t e s t  h e a t  
r ecove ry  for  t h e  l o n g e s t  exposure  time of gas  i n  t h e  retort  was 112 Btu p e r  pound of 
coal (1167A) or a g a i n  of 224,000 Btu p e r t o n  of coal. 
c l i n e  i n  h e a t i n g  va lue  wi th  i n c r e a s e d  exposure t i m e .  

Coal 1161  showed a s t eady  de- 

’ The hydrogen s u l f i d e  c o n t e n t  of t h e  g a s ,  c a l c u l a t e d  t o  g r a i n s  p e r  100 cub ic  feet 
of g a s ,  is becoming i n c r e a s i n g l y  impor t an t  because of a i r  p o l l u t i o n  r e s t r i c t i o n s ,  and 
must be reduced t o  l i m i t e d  c o n c e n t r a t i o n s  b e f o r e  d i s p o s a l .  R e s u l t s  i n d i c a t e  t h a t  t h e  
fo rma t ion  of hydrogen s u l f i d e  is r e l a t e d  t o  exposure  time; however, t h e  c o n c e n t r a t i o n  
of hydrogen s u l f i d e  i n  t h e  byproduct  gas  is dependent  on t h e  s u l f u r  c o n t e n t  of t h e  
coal and is n o t  r e l a t e d  t o  coal rank. Although t h e  s u l f u r  c o n t e n t  for  coal 1167A 
(1.4 p e r c e n t )  was h i g h e r  t h a n  t h a t  for coal 1161 (0.6 p e r c e n t ) ,  t h e  net  i n c r e a s e  i n  
hydrogen s u l f i d e ,  a t t r i b u t e d  t o  f r ee - space  c r a c k i n g ,  was o n l y  l b . 8  p e r c e n t ,  compared 
w i t h  26.0 p e r c e n t  for coal 1161. 

I 

Ligh t  O i l  

The composi t ion of l i g h t  o i l ,  l i k e  t h e  t a r ,  is a f u n c t i o n  o f  t h e  ca rbon iz ing  con- 
d i t i o n s  of which t empera tu re ,  free space  above t h e  coal cha rge ,  and t h e  c o n t a c t  t i m e  
of t h e  gas i n  t h e  h o t  free s p a c e  are t h e  most impor t an t ;  however, t h e  t o t a l  y i e l d  of 
l i g h t  o i l  under normal c a r b o n i z i n g  c o n d i t i o n s  is  dependent  l a r p e l y  upon t h e  rank of 
t h e  coal. 

Benzene, t h e  p r i n c i p a l  c o n s t i t u e n t  of t h e  l i g h t  o i l ,  is a decomposi t ion p roduc t  
whose fo rma t ion  is a c c e l e r a t e d  under  c o n d i t i o n s  f a v o r a b l e  to c r a c k i n p  e f f l u e n t  vapors .  

The p e r c e n t  composi t ion of benzene i n  t h e  l i g h t  o i l ,  a s  p r e s e n t e d  i n  t a b l e  6 ,  
p r o g r e s s i v e l y  i n c r e a s e d  w i t h  an i n c r e a s e  i n  free space ,  whereas a l l  o t h e r  c o n s t i t u e n t s  
of l i g h t  o i l  w e r e  a d v e r s e l y  a f f e c t e d  by t h e  free s p a c e  i n c r e a s e s .  

The t o t a l  l i g h t  o i l  y i e l d  reached a maximum a t  t h e  6-inch free space  f o r  t h e  c o d  
b l e n d s  and a t  t h e  9-inch f r e e  space  f o r  t h e  s t r a i g h t  c o a l .  
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T a b l e  5. - Chemical and p h y s i c a l - p r o m r t i e s  of eas 
-~ ~ ~ 

H yd r open 
Void Composi t ion,  d ry ,  volume-porcent  H e a t i n g  v a l u e  s u l f i d e  

Coal s p a c e ,  hydro- Carbon Btu per Btu p e r  g r a i n s  p e r  
number i n c h e s  gen monoxide Methane Ethane E t t y l e n e  c u . f t .  1b.coal  100 cu . f t .  

1 1 6 1  1 
3 
6 
9 

1166 1 
3 
6 
9 

60.87 
62.13 
64.01 
63.29 

59.38 
59.37 
59.09 
61.87 

5.98 
6.07 
5.07 
5.91 

6.49 
6.13 
6.45 
4.52 

25.78 2.43 
24.51 2.15 

27.40 1.08 

30.08 1.42 
30.11 1.56 
30.97 0.92 
29.85 .75 

23.79 1.60 

5.03 618 
5.14 608 
5.53 600 
2.32 576 

2.63 603 
2.83 608 
2.57 6 0 1  
2.96 596 

3,235 
3 ,231  
3,180 
3 ,121  

3,133 
3,268 
3 ,221  
3,189 

131  
157 
157 
16 5 

638 
714 
707 
828 

1167A 1 63.91 4.31 28.81 1.30 1.67 583 2,956 561 
3 61.94 5.12 30.05 0.85 2.04 587 3,020 600 
6 61.98 5.15 30.08 - 7 0  Le29 5 8 1  3,007 ' 606 
9 61.91 4.85 30.9k 56 1.74 585 3,068 644 

- Table  6. - Composi t ion of l i g h t  o i l ,  p a l l o n s  p e r  ton  

Void 
Coal space, E t h y l -  

number inche.8 hnzone Toluone m,p-xylona o-xylono benzene  

116 1 1 2.24 0.38 0.12 0.05 0.01 
3 2.65 . e42 . lb .Ob .006 
6 2.91 .40 .09 . O l  ,004 
9 2.89 .22 04 . O l  - .  

1166 1 2.77 -64  -13 .02 ,004 
3 2.79 .55 .08 .02 ,003 
6 3.13 .@5 . 05 .01 . O O l  
9 3.3k 42 .Oh .01 . O O l  

1167A 1 3.05 06 .10 .02 .013 
3 3.05 05 07 .02 .003 
6 3.39 04 -03  . O l  . O O l  
9 3.30 0 3  .03 .01 .001 
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P r o p e r t i e s  o f  Coke 

The p h y s i c a l  p r o p e r t i e s  o f  t h e  cokes were determined by s t a n d a r d  .methods of t h e  
American S o c i e t y  f o r  T e s t i n g  M a t e r i a l s  (2) .  
and l/tc-inch hardness ,  are t h e  o n l y  coke p r o p e r t i e s  r e p o r t e d  a s  t h e s e  parameters  are 
most commonly used i n  e v a l u a t i n g  m e t a l l u r g i c a l  coke. 

The tumbler  i n d i c e s ,  1- inch s t a b i l i t y  

V a r i a t i o n s  of f r e e  s p a c e  had no e f f e c t  on t h e  coke y i e l d .  The o n l y  s i g n i f i c a n t  
chanEe i n  t h e  coking p r o p e r t i e s  was f o r  c o a l  1166 i n  which t h e  1-inch s t a b i l i t y  index 
was p r o g r e s s i v e l y  lowered from 33 f o r  t h e  1-inch free space  t o  28 f o r  t h e  9-inch free 
space.  
t h e  same. 

The s t a b i l i t y  and h a r d n e s s  i n d i c e s  f a r  bo th  c o a l  b lends  remained e s s e n t i a l l y  

CONCLUSIONS 

The y i e l d s  of c a r b o n i z a t i o n  p r o d u c t s  are i n f l u e n c e d  by t h e  r a n k  of c o a l  used and 
t h e  t e m p e r a t u r e  of c a r b o n i z a t i o n .  
of h e a t i n g  and t h e  secondary  decomposi t ion by t h e  time o f  c o n t a c t  of t h e  vapors  while  
i n  t h e  h o t  retort and i s  dependent  on t h e  volume of free space p e r  u n i t  volume of  
charge ,  

The pr imary decomposi t ion is i n f l u e n c e d  by t h e  r a t e  

The c r a c k i n g  of t a r  due t o  i n c r e a s e d  f r e e  space  r e s u l t e d  i n  p r o g r e s s i v e  i n c r e a s e s  
i n  s p e c i f i c  g r a v i t y ,  n a p h t h a l e n e  y i e l d ,  a n t h r a c e n e  y i e l d  ( e x c e p t  f o r  t h e  9-inch f r e e  
space  tes t )  and a r e d u c t i o n  i n  t a r  a c i d s ,  b a s e s ,  and n e u t r a l  o i l s .  

F r e e  space  increases had no e f f e c t  on t h e  coke y i e l d  or coke p r o p e r t i e s  except  
for t h e  1- inch tumble r  s t a b i l i t y  f o r  coal (1166)  which was p r o g r e s s i v e l y  lowered with 
i n c r e a s e d  free space. 

The l i g h t  o i l  y i e l d  was i n c r e a s e d  and r eached  a maximum a t  t h e  6-inch f r e e  space 
f o r  t h e  coal b l e n d s ,  and  t h e  9-inch f r e e  space  for  t h e  s t r a i g h t  coa l .  

There was a p r o g r e s s i v e  increase i n  g a s  y i e l d ,  wi th  t h e  g r e a t e s t  v a r i a t i o n  of  
500 c u b i c  f e e t  p e r  t o n  o f  c o a l t a n d  t h e  h e a t  r ecove ry  f o r  t h e  l o n g e s t  exposure of gas  
i n  t h e  re tor t  was 1 1 2  Btu p e r  pound o f  coal .  

I n c r e a s e d  f r e e  s p a c e  above t h e  c o a l  charge  d u r i n g  c a r b o n k a t i o n ,  p e r m i t t e d  l o n g e r  
r e s i d e n c e  t i m e  of  t h e  vapor s  a t  a s p e c i f i c  t e m p e r a t u r e  and improved t h e  q u a l i t y  of t h e  
byproducts .  However, s i n c e  coke is t h e  major  and most v a l u a b l e  product  of  c o a l  car- 
b o n i z a t i o n ,  it would b e  economica l ly  i n f e a s i b l e  t o  d e c r e a s e  t h e  c a p a c i t y  of  commercial 
ovens. 
v o l a t i l e  materials, i n  a s e p a r a t e  c r a c k i n g  u n i t ,  o u t a i d e  of t h e  coking f u r n a c e ,  
s u l t s  o f  t h i s  i n v e s t i g a t i o n  w i l l  be pub l i shed  i n  a subsequent  report. 

I n  r e c o g n i t i o n  o f  t h i s ,  t h e  Bureau o f  Mines i s  i n v e s t i g a t i n E  t h e  upgrading of 
Re- 

il 
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